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A PRELIMINARY STUDY OF A FIN-STABILIZED SOLID-FUEL

ROCKFT BOOSTER FOR USE WITH THE APOLLO SPACECRAFT

SUMMARY

A preliminary study has been conducted on a fin-stabilized, solid-
fuel rocket booster for use with the Apollo reentry spacecraft. The
study was based on seven guidelines which were generated as & result of
experience with the Project Mercury spacecraft and the Little Joe booster.
The results from the study indicated that the guidelines were not diffi-
cult to meet with the proposed booster configiuntion. Sufficient infor-
mation is presented to enable the calculation of’ inunch trajectories
using the Little Joe Senior booster with any defined spacecraf™t payload.

INTRODUCTION

A preliminary study has been conducted on a fin-stabilized, solid-
fuel rocket booster for use with the Apollo spacecraft. The booster, as
conceived, is capable of propelling a full-scale Apollo reentry space-
craft to velocities sufficient to matech critical portions of the Saturn
trajectory. The purposes of this booster are to provide a simple and
fairly inexpensive means of determining from flight tests, full-scale
configuration concepts, systems hardware performance, vehicle structural
integrity, and flight crew training behavior. Since the Apollo mission
will require the use of multistage launch vehicles, aborts will have a
higher probability of occurrence than in the Mercury mission. Of partic-
war importance then is the Ilight testing of the Apollo spacecraft
escape system under simulated maximum conditions.

The fin-stabilized, solid-fuel rocket bhooster studied and proposed
in this paper is about a twice-size-copy of the highly successful Project
Mercury Little Joe booster. Because of the similarity, the booster pre-
sented herein will be reterred to as Little Joe Senior. The Project
Mercury Little Joe booster was designed, built, and flight tested in
less than 1 year from concept. The reason for this remarkable perfor-
mance was bhe simplicity of the approach. The same type of philosophy
is applied to Little Joe Senior. The Project Mercury Little Joe booster
not only proved the Mercury escape system concept and structure, but also
pointed out flaws in the sequence design. In addition, vehicle dynamics,
operational handling problems with the full-scale capsule, and animal
behavior under acceleration and weightlessness were determined. It is
anticipated that similar flight data on the Apollo configuration with
the Little Joe Senior could be obtained.



The preliminary study described herein was based on the following
guidelines:

(a) The booster airframe was to resemble Little Joe.

(b) The propulsion was to be multiple use of the Scout first-stage
rocket motor.

(c) With a 10,000 payload, the booster should be capable of
achieving Mach number 2 at 1,200 pounds per square foot dynamic pressure.

(d) A dynamic pressure of 1,600 to 1,800 pounds per square foot at
superasonic speeds was to be within booster performance capabilities.

(e) A maximum Mach number 4 was to be obtained.

(f) The booster was to be capable of flying a zero-1ift trajectory
withcoul the use of an attitude control system.

(¢) The airframe was to be designed to accommodate any number up
to T rocket motors without using the rocket cases as load-carrying members.

These guidelines were formulated as a result of experience with the
Project Mercury spacecraft and the Little Joe booster. The scope of the
preliminary study conducted and presented in this paper was detailed
enough to show that the guidelines are not difficult to meet; however, a
complete design of the Little Joe Senior booster was not attempted. Suf-
ficient information is provided herein to enable the calculation of launch
trajectories with any size and weight payload as well as to complete the
boester, launcher and service tower design.

SYMBOLS
CA axial-force coefficient, CA,T - CA,b
Base axial force

CA b base axial-force coefficient, as

2

Total axial force

CA T total axial-force coefficient, as

J
: q PR .
CD rag coefficient, CA cos o + CN sin o



AN

O

CD,@xO drag coefficient at o = 0O
Normal force
CN normal-force coefficient, as
OBC
CN normal-force curve slope per degree at o = O, Sa
o
a angle of attack
cC.P. center of pressure
eo launch angle, deg

DISCUSSION OF STUDY
Launch Configuration

The Little Joe Senior configuration booster and spacecraft arrange-
ment proposed, shown in figure 1, consists of three major sections: the
payload, the adapter, and the bocster. The booster is designed to
accommodate any number up to seven Algol (first-stage Scout) solid-
propellant rocket motors. The physical characteristics of the config-
uration are dependent on the number of rocket motors installed and upon
the staging or firing order of the motors. Table I shows a tabulation
of weights, centers of gravity, and inertias of the vehicle for various
flight programs. Table I1 shows a weight and center of gravity summary
of the major sections loaded with seven Algol rocket motors.

Payload

The payload for Little Joe Senior is considered to be an Apollo-
type spacecraft weighing about 10,000 pounds. The spacecraft is com-
prised of three sections: the escape tower and rocket, the capsule proper,
and the retropackage.

The escape rocket and tower combination utilize a quick-release
device for separation from the capsule. Jettisoning of the escape tower
occurs at booster burnout before capsule separation during normal flights,
and after capsule separation during abnormal flights when abort from the
booster is desired.

The capsule proper is chiefly a pressure vessel which may be manned
for training flights or to carry instruments only for experimental flights.



The third section of the payload is the retropackage, atlached to
the heat shield and jettisoned after use in light.

Adapter

The 10-fowot long adaptler section between the booster and capsule
trv neficient space to accommodate the retropackage, the umbilical,
booster cquipment, and other spacecraft propulsion systems. The adapter
is vented to prevent high loading on the capnule-adapter joining clamp
'rom pressure which would be trapped in an unvented adapter at high
altitndes.

Boogter

The Little Joe Senior booster is about 42 feet long, including fins,
and 13 feet In diameler. 'The four stabilizing fins, shown n figure 1,
have hoY leading edge sweep angles and a total surface area «: 150 square
feet per in.

Yhe booster will accommodate up to seven Alpol rocket motors, which
may be programed as shown in table I. The rocket cases are considercd to
be nonstructural, thus allowing motors to be eliminated to chanse per-
formance characteristices. Thrust is transmitted into the airframe at the
nozzlce cnd of the rocket motors and axial expansion is controlled at the
upper ond.

The booster body is comprised of two sections, the forebody and the
afterbady.

The forcbody extends from station 255.1 to station 432.1 as shown
in figure 1. Tts structure is an aluminum alloy monocoque cylindrical
shell bounded at cach end by structural rings. A light upper ring is
cmployed in Jjoining the adapter to the booster. Another ring forming
an upper bulkhead is utilized to support the rocket motors laterally
and also to support the upper end of the configuration for attachment
to the launcher. Pressure seals are provided to seal Lhe slip Jjoint
formed by motors and bulkhead. These seals are neccssary in maintaining
pressures higher than ambient in the booster for structural integrity.
A lower ring ab slation 482.1 serves as the parting joint for assembly
FUrposes.

‘The primary Forces on the booster imposed by 'ins, rocket motors,
and acrodynamic loading, are concentrated on the afterbody utructurc
from station §82.1 to station $09.1. The stricturce of the al'terbody
copsists of o cylindrical aluminum alloy shell which houscs a pressure-
Bioht motor support bulkhead. Mounling sockets for supportinge the
oot on the Jauncher are provided in the alterbody structure.
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The structure of the booster ffins is of typical aircraft construction
havine an aliminum cokin.  Bach fin has a root itting for quick attachment
Lo the boosler hody.

An estimated welght and center-of-gravity breakdown of the booster
airframe is given in table IT.

Rocket Grain Tempcerature Control

To perfcrm satisfactorily, the Algol rocket motor propellant must
be maintained at a temperature of 70° F to 90° F before flight. This
is accomplished by providing hatches for attaching ducts to the upper
and lower extremities of the booster shell through which conditiconed
air from a heat exchanger is circulated. Thermooonples within the pro-
pelilant grain automatically control the temperaturc.

Little Joe Senior Launcher and Service Tower

Experience with the launching operations of the Project Mercury
Little Joe has indicated that the Little Joe launcher was satisfactory;
however, the absence of a ground service tower made booster and capsule
assembly and checkout difficult. A preliminary "look" into launcher
and service tower design has been completed as part of the Little Joe
Senior study. The launcher proposed is very similar to the Mercury
Liltle Joe design. The service tower is a covered, roll-away structure
which incorporates many features found desirable from Mercury experience.

Iauncher

The proposed launcher for Little Joe Senior, shown in figure 2,
is a 60,000-pound fabricated steel structure mounted on a concrete
foundation. The launcher is remotely adjustable in pitch and azimuth
positions. Azimuth adjustment is #45° and pitch adjustment is 20° from
the vertical position.

The launcher is comprised of seven major components: umbilical
arm, mast, support assembly, pivot frame, support struts, base, and
remotely operated self-locking actuators. Structural components are
to be provided with ample heat-sink capacity to safely absorb rocket-
motor heat. Other component: are to be shielded from the heat. Azimuth
adjustment is provided by an actuator which rotates the pivot frame.
Pitch adjustment is provided by actuators built into the support struts.
The mast serves two functions: one, to support the upper portion of
the booster, the othcr, to support the pivoting arm which pulls the
umbilical connector from the capsuwle. A service ladder is also provided
as an integral parlt of the magst. Provisions are made for the installa-
tion of a removal work platform mounted to the support assembly for
installation of the rocket motors and nozzles.



Service Tower

‘The ground service tower, in which the booster and payload are

ascoenbled on the launcher, is shown in figure 3. This tower is of

Ccuctural steel construction totally enclosed with sheet metal and
translucent panels to emit light, and is approximately 50 feet square
and 100 feet high. The service tower is mounted on electrically driven
wheels which ride on a pair of rails embedded flush in the concrete pad.
This mobility allows the tower to be quickly removed away from the
launcher before launching. Pads mounted on concrete anchor blocks are
lozated at each end of the rails to provide two rigid tie-down locations
for the service tower. One side of the tower is provided with a 34-foot
wide by 90-foot high motorized door which allows the itower to clear the
launch configuration while being removed. A 3h4-foot wide by 16-foot
high service door is provided in the opposite end of the launcher to
facilitate assembly. The following facilities are also provided with
the service tower:

(a) An overhead traveling hoist which is capable of lifting
15 tons off the pad to an elevation of 90 feet above the pad.

(b) Work platforms that surround the launch configuration at
various elevations: movement of these platforms to different levels
is accomplished through use of the overhead hoist. These platforms
are retracted to clear the launch configuration when moving the service
tower away from the launch pad.

(c) An elevator to carry personnel, tools, and portable equipment
to any elevation up to 90 feet above the pad.

(d) A ladder on the elevator side of the tower and a stairway on
the opposite side.

(e) A heat exchanger with a flexible duct system to the booster.
The function of this unit is to circulate conditioned air through the
booster airframe, thereby maintaining a propellant grain temperature
of 70° F to 90° F in the algol rocket motors.

Booster Mission Capabilities

Shown in figure 4 are typical trajectory calculations of the Little
Joe Senior booster. The trajecctories illustrate the wide range of
missions available with the six booster configurations shown in table I.
Also included in figures W{a) and 4(b) is the effect of launch angle.
In all cases, the rocket motors were fired without a coast phase between
stages. It should be noted that the lift-off accelerations are low and
2 detailed analysis of the effect of surface winds on the launch elevation



and azimuth anglec i now in progress. The use of a control system may
be required. By varying the number of rocket motors and adjusting the
launch angle, all the performance guidelines set forth in the "Tntro-
duction'" scetion of this report can be met.

Launch Vehicle Aerodynanmics

The estimated static acrodynamics of the Little Joe Senior bouoster
configuration with and withoul a payload are chown in figure 5. The
csbimated base axial-Torce coefficient al zero angle of attack is shown
in figure 6. Through Jjudicious usc of [iyires H and 6 and with a new
nayload aerodynamics known, the estimated a2-rodynamics of the Little
Joe booster configuration with any payload cun be made. Since the
Iittle Joe Senior booster closely resembles the vroject Mercury Little
ir, the aerodynamics prescented were obtained frv. o oference 1 and
modified through the usc of references 2, 3, 4, O, ani & T+ should be
noted that the booster is stalically stable to Mach 1o wiers close to O,
thus allowing the booster to {ly a zero-lift trajectory without. the use
oi” o control system (wind-shear offects neglected).

Rocket Motor Performance Characteristics

The performance characteristics and physical dimensione ot Lhe
Alpol (first-stage Scout) rocket motor arc shown in figure 7. Pertinent
information to enable the calculations of trajectories usiug this motor
with the proposed airframe is included in the figure.

CONCLUDING REMARKS

The results of a preliminary study of a fin-sctabilized, sclid-fuel
rocket booster for usce with the Apollo spacecraft indicate the following
concluding remarks. The seven guidelines generated as a result of expe-
rience with the Project Mcrcury spacecraflt and the Little Joe booster
are not difficult to meet with the proposed boosting system. The air-
frame can be designed without the use of the rocket motors as load-
carrying members and the configuration was calculated to be statically
stable throughout the operatlional Mach number range. Because of' the
low 1lift-off accelerations, a detailed analysis on the effect of surfncc
winde on launch angles is being precently conducted. Sufficient infor-
mation is provided hcercin to enable the calculation of Taunceh traj clov:i
with any delined gpacecraft paylcoad.
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Figure 2.- Little Joe Senior launcher.
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Load factor, g's

+ o
T
Mach numher

1
[

480

400

360

6 320

5 1,400 280
4 1,200f 240
-~
3+ “ 1,000 200
4
3
-
™
2 ¢ 800 + 160
g :
®° 3
e b
1- 2 600 & 120
4 <
H
=
>
o2 400f 80
2001 40
ok 0 i i i H
a 40 80 120 160 200 240 280 320 360
Time, sec

(a) Little Joe Senior Algol combination 4-2-1. 8 = 85°,

Figure 4.- Typical trajectory calculations.

Mach number
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Figure 4.- Continued.
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Figure 5.- Estimated longitudinal aerodynamic characteristics of
Little Joe Senior.
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Figure 6.- Base axial-force coefficient at zero angle of attack.
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